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CURRENT PROGRESS
Current Views on the Pathogenesis and Etiology

of Rheumatoid Arthritis
DENYS K. FORD, M.D, F.R.C.P.[C], Vancouver, B.C.

ABOUT 1% of the population of this country
has rheumatoid arthritis and approximately

50% of these patients have significant disability;
consequently there are roughly 100,000 people
in Canada partially disabled by this disease. It
is not surprising therefore that the understand¬
ing of rheumatoid arthritis is a major aim of
research in the rheumatic diseases.
At first glance it might seem that we are no

further along the road than we were 10 years
ago, and indeed we have to admit that we are
still ignorant of the cause of the condition and
thus unable to cure it. Nevertheless in spite of
this discouraging admission, we now have a
much clearer sense of direction than we did a
decade ago, and we can chart a course which
we have grounds to hope will lead to the basic
cause.

Firstly, we can now state that environmental
considerations take precedence over genetic fac¬
tors in the development of the disease. Studies
of identical twins have clearly established that
the disease may quite often be found in only
one of a pair of identical twins,1 from which we
may conclude that heredity does not play the
major etiological role. Earlier studies showing
familial aggregation of cases of rheumatoid
arthritis are now considered to be explicable by
the statistical basis of the sampling methods, or

alternatively on environmental influences com¬
mon to the family, giving a "pseudo-genetic" pat¬
tern. (Examples of pseudo-genetic transmission
of disease may be found in the vertical trans¬
mission, from parent to offspring, of viral neo¬

plasia in experimental animals, and in the trans¬
mission of the unusual "degenerative" neurolo¬
gical disease, kuru, by the cannibalistic habits of
the primitive natives of the Fore tribe in New
Guinea.2)
The exclusion of a genetic influence from pri¬

mary causation does not, of course; eliminate the
possibility that the hereditary constitution of the
host does have some role in the pathogenesis of

From the Department of Medicine, Vancouver General
Hospital and University of British Columbia, Vancouver,
British Columbia.
Reprint requests to: Dr. D. K. Ford, Vancouver General
Hospital, Vancouver 9, British Columbia.

the disease. One could cite innumerable ex¬

amples of the contributory participation of gene¬
tics, such as the suseeptibility to rheumatic fever
of a few patients out of the much larger number
suffering from identical sore throats during an

epidemic of streptococcal infection.
In the human, there are two unmistakable

instances of a genetic effect contributing to
rheumatoid arthritis, and both are examples of
immunological deficiency. The first of these is
the sex-linked recessive agammaglobulinemia
which is associated with a high incidence of
rheumatoid arthritis and other connective-tissue
diseases. In this disease the genetically deter¬
mined plasma cell deficiency, due to failure of
development of the "gut-associated" lymphoid
tissue, predisposes the affected boys to rheu¬
matoid arthritis. The second example is a sibship
of three girls in Vancouver who have a mild
form of "chronic granulomatous disease of child¬
hood" where there is a genetically determined
failure on the part of the polymorphonuclear
leukocytes to kiil phagocytosed bacteria. Two of
the girls have classical rheumatoid arthritis with
subcutaneous nodules and the third has had
recurrent episodes of arthritis which could be
classified as probable rheumatoid arthritis. There¬
fore genetics may, through a number of distinct
mechanisms, determine the response of the host
to the etiological agent provided by the environ¬
ment, and it is even possible that this agent is
common or ubiquitous and that the presence
or absence of disease is determined mainly by
the host's constitution.

Stages in the Pathogenesis of Rheumatoid
Arthritis
The stages in the pathogenesis of rheumatoid

arthritis may be represented schematically as
shown at the top of page 148.
The patient's complaints and disability relate

to the inflammatory process in the joints, and
the mechanisms involved in the inflammatory
reaction itself are probably little different in
rheumatoid arthritis from those in any other
inflammatory disease. The vasoactive amines,
histamine, serotonin, bradykinin and other kinins,
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together with others we do not yet know, deter¬
mine the vascular reaction. The release of these
amines and the production of leukotoxins are

presumably the consequence of both granulocyte
and mast cell activity or dissolution. Mast cells,
basophils and eosinophils probably contribute
by active secretion of specific substances, where¬
as the polymorphonuclears are more likely to
activate physiologically inactive precursors
through their own non-specific proteolytic lyso¬
somal enzymes. Research into the mechanism of
inflammation may improve patient care tiirough
the discovery of better anti-inflammatory drugs
or the synthesis of inhibitors to the vasoactive
amines.

Evidence for Immunopathology in
Rheumatoid Arthritis
Over the past 15 years the immunological

aspects of rheumatoid arthritis have dominated
research. The evidence in favour of a major role
for immunopathology in the disease can be sum¬

marized in the following way:

Serological .Rheumatoid factor
.High gamma-G globulin levels

Histological.Plasmacytosis of bone marrow

.Infiltration of synovium by "immune cells"
(lymphocytes, plasma cells, lymphoid fol¬
licles)

The 19 S macroglobulin, rheumatoid factor, is
now identified as an immunoglobulin with the
specific property of reacting with 7 S gamma-
globulin. The production of rheumatoid factor is
thought to be a secondary response to prolonged
antigenic stimulation, probably by any one of
many antigens, and it can be elicited in several
animal species by experimental hyperimmuniza-
tion with a variety of antigens. In humans,
rheumatoid factor is found in subacute bacterial
endocarditis and in a number of other chronic
infections which provide prolonged antigenic
stimulation to the patient's lymphoid tissue.

Serological evidence for prolonged immuno¬
logical stimulation in rheumatoid arthritis is
also seen in the high immunoglobulin G levels
which are usually present. Histological support
for such a mechanism is provided by the in¬
creased number of plasma cells in the bone

marrow and also by the pathology of the in¬
volved joint. The rheumatoid synovium, in fact,
resembles a lymph node undergoing antigenic
stimulation, the cellular infiltrate being primarily
lymphocytes and plasma cells, together with
lymphoid follicles.
There can be little argument against the

hypothesis that the etiological agent in rheuma¬
toid arthritis provides a prolonged and marked
antigenic stimulus.
The question of the relationship between the

immunological reaction and the inflammatory
reaction has recently evoked interesting labora¬
tory observations. Hollander and Rawson3 of
Philadelphia noted that the polymorphonuclear
leukocytes in the rheumatoid synovial fluid con¬

tained complexes of 19 S rheumatoid factor with
7 S immunoglobulin. The demonstration of these
was possible through the employment of fluo¬
rescent staining with anti-human IgM and IgG
antisera. Hollander postulated that the act of
phagocytosis of these complexes stimulated the
lysosomes of the leukocytes and the release of
lysosomal enzymes produced the inflammatory
reaction, as described above. Hollander then
demonstrated that if purified IgG (3 mg.) from
a rheumatoid arthritic patient was injected into
the joint of the same patient, provided he was
a rheumatoid-factor-positive case of rheumatoid
arthritis, an acute inflammatory reaction would
result. Subsequent work has demonstrated that
if the Fc fragment of IgG is used, even smaller
amounts, as low as 0.1 mg., will induce acute
attacks in rheumatoid patients. The Fc fragment
can be obtained either from a rheumatoid or

non-rheumatoid subject, and the acute inflam¬
mation will result in any rheumatoid-factor-
positive rheumatoid patient provided that the
genetic type of the Fc fragment is the same as

that of the patient. This work may be sum¬

marized as shown at the foot of this page.
The part that complement may play in the

observations of Hollander and Rawson has not
yet been clarified. There is no doubt, however,
about the importance of complement in the
pathogenesis of other lesions seen in some con¬
nective tissue diseases. The glomerular and
arteritic lesions present in some systemic con-
nective-tissue diseases are almost certainly

3 mg. patient's _

own IgG
0.1 mg. Fc fragment
of IgG from normal
or R-A patient

Patient's
knee
Knee of subject
of same genetic
type of 7-globulin

Inflammation, if patient
has rheumatoid factor

Inflammation, if recipient
has rheumatoid factor
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induced by the irritant properties of the "later"
components of complement, activated by the
antigen-antibody complex. To what extent the
inflammatory lesions of rheumatoid arthritis are

precipitated by complement is not yet defined,
but the fact remains that the serum comple¬
ment level in arthritis is normal or elevated
while the synovial fluid level is considerably
reduced when the synovitis is active.
These observations provide hypothetical mech¬

anisms whereby the immunopathological reac¬
tion characteristic of rheumatoid arthritis might
bring about an inflammatory response. They
have stimulated research in these areas, but it
is too early to assess the contribution of this
work to the elucidation of the basis of rheuma¬
toid arthritis. It has to be remembered that typi¬
cal rheumatoid arthritis can occur in the absence
of rheumatoid factor, both in adults and chil¬
dren, and particularly in agammaglobulinemic
boys. Moreover, the injection of rheumatoid
factor into normal individuals does not cause
arthritis.

Definition of the immunopathogenesis of the
rheumatoid inflammation may provide thera¬
peutic opportunities through immunosuppressive
therapy. However, at this time, the known and
unknown hazards of immunosuppression pro-
hibit its use except in the most unusually severe

cases of rheumatoid arthritis.

Role of Primary Infective Antigen
Research is currently being conducted based

on the hypothesis that a primary infective antigen
is the etiological agent in rheumatoid arthritis.
Within the past few years the study of a number
of animal diseases of viral origin has revealed
mechanisms that might well apply to human
rheumatoid arthritis. Concepts vary according
to the interests of the worker and the prevail-
ing popular trend at the particular time, and
the present author is microbiologically orien-
tated.

N.Z.B. Disease of Mice
In 1959 New Zealand researchers4 noted that

the members of a strain of New Zealand black
mice died early in life and that death was

associated with renal disease, hemolytic anemia
and the presence of antinuclear factors in the
serum. It was recognized that this disease had
many features in common with disseminated
lupus in humans, and its restriction to a single
strain suggested a genetic determination. Inten¬
sive investigation has not yet clarified the picture
and there is still dispute over "facts" and inter¬
pretations. Nevertheless there seems to be gen¬

eral agreement that the renal disease is of the
"antigen-antibody-complex type" and is morpho¬
logically similar to the lesions of disseminated
lupus and streptococcal glomerulonephritis. The
nature of the antigen and the antibody which
form the complexes is debated; one view holds
that the complex is nuclear antigen combined
with antinuclear factors, while the other be¬
lieves that viral antigens are combined with
viral antibody and deposited in basement mem¬

brane.
Recently the genetic hypothesis has tended to

be displaced by a pathogenesis based on chronic
viral infection. Shulman et al.5 observed that
the incidence of N.Z.B. disease in colonies of
these mice varied markedly in different loca¬
tions. Thus the Bar Harbour strain had a high
incidence of the disease, whereas in a colony
from Tennessee the incidence was low; the two
N.Z.B. strains were proved to be genetically
identical by cross-skin grafting. This observation
was clearly more compatible with an environ¬
mental rather than a genetic cause.

Mellors6'7 has provided strong evidence to
support the viral etiology of N.Z.B. disease. He
has consistently found viral particles by the
electron microscope in the tissues of involved
animals, and has transferred the disease to Swiss
mice by inocula containing these viral particles;
the disease has appeared in 20% of the inocu¬
lated animals. He has used fluorescent and com¬

plement-fixing antibody studies to relate viral
antigens to the disease.
The viruses concerned appear to be similar to

the oncogenic C-type viruses found in several
animal species, and in fact, N.Z.B. mice tend
to develop reticulum cell sarcomas and pleo¬
morphic lymphomas. Mellors postulates that this
agent is transmitted vertically from parent to

offspring and persists throughout the animal's
life. Antibodies formed against specific antigens
of the virus are thus responsible for the hemo-
lysis and glomerulonephritis, through the mem¬

brane damage inflicted by complexes of antigen,
antibody and complement. There is evidence
that N.Z.B. mice may be immunologically hyper-
reactive, in that they develop higher antibody
levels than other mouse strains when immunized
by standard regimens. This peculiarity may
explain their suseeptibility to the disease in con¬

trast to other strains of mice also harbouring
latent oncogenic viruses without the develop¬
ment of such immunological syndromes.
Lymphocytic Choriomeningitis (LCM)
Vmus Infection in Mice
The production of immunological lesions

through a process of chronic viral infection is
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also well illustrated by lymphocytic choriomen-
ingitis (LCM) infection of mice.810 In the late
1930's Traub and subsequently Burnet and
Fenner observed that the inoculation of adult
mice with LCM virus would rapidly cause death
from cerebral infection. However, if mice were

inoculated with LCM on the first day of life,
so that they became immunologically tolerant of
the virus, they remained healthy even though
the virus multiplied and a state of chronic viral
infection ensued. These events may be set forth
semi-diagrammatically thus:

ferrets. Arteritis, glomerulonephritis and hyper-
gammaglobulinemia are the characteristic fea¬
tures of this disease, which is a serious economic
threat to mink ranchers. The infection tends to
remain latent in the colony but may suddenly
assume epidemic proportions if the general
health of the colony is depressed by other
factors.
The marked hypergammaglobulinemia is of

particular interest. It is initially heterogeneous
in type, but as the disease progresses the IgG
becomes homogeneous and may finally become

LCM
Virus

Adult mice Death from
neurological disease

Newborn mice
Partial
tolerance to Latent chronic

"LCM infection

Late death with
.Glomerulonephritis
.Focal hepatic necrosis
.Lymphoid hyperplasia

The implication of this observation is that it
is not the virus itself that causes the disease but
the immunological reaction of the host to the
virus. Nevertheless, if these latently infected
mice are observed throughout their lives, they
are often found to succumb to chronic glomeru¬
lonephritis, and show lesions of focal hepatic
necrosis and lymphoid hyperplasia. Some strains
of mice show a 100% incidence of these lesions
within three months, while others show no

manifestations at all of such a disease. It is
notable that the N.Z.B. strain will develop
severe renal disease when chronically infected
with LCM virus in this manner, as well as anti¬
nuclear factors in their sera. Both the virus asso¬
ciated with N.Z.B. disease and the LCM virus
are RNA viruses and therefore the presence of
antinuclear factors cannot be explained on a

simple basis of foreign DNA. The LCM virus
can be found circulating in the blood as a com¬

plex with antibody and these complexes are

deposited in the basement membrane, so that
eluates of renal tissue contain LCM antigen.

Aleutian Mink Disease
A disease that is at present arousing intense

interest is Aleutian mink disease, first described
in the late 1950's;1115 although it was first noted
in the Aleutian strain of mink, it has subse¬
quently been induced in other mink and also in

monoclonal. The agent appears to multiply in
macrophages, and both the spleen and liver are

favoured sites. In the serum the agent circulates
as a complex with IgG, but the latter does not
appear to neutralize the agent and these com¬

plexes are infective. The renal lesions are of the
"complex" type and the complexes can be dem¬
onstrated in renal tissue eluates. It has been
claimed that the Aleutian mink agent is of such
a small size that it cannot be a virus. It has not
been cultivated in vitro and up to the present
there seems to be no definite evidence that it
is other than a very small virus with consider¬
able resistance to physical and chemical inacti¬
vation when compared to other viruses.

Possible Mechanisms for Production of

Immunopathology
The above discussion indicates that the study

of chronic viral infection and viral neoplasia in
animals may be highly relevant to the under¬
standing of rheumatoid arthritis and the other
connective-tissue diseases. The production of
pathological lesions through immunopathogene-
sis would seem to be due to one of three mechan¬
isms. The first of these is the harmful effect
of complexes formed by antigen, antibody and
complement, the actual lesions depending on the
localization of the complexes. Or there may be
the development of a "delayed hypersensitivity
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reaction" to the etiological antigen itself. A third
alternative is the direct lymphocytotoxic effect
characteristic of homograft rejection, and this
presumably occurs only when an antigen recog-
nized as foreign by the host's lymphocytes exists
on the host's cell membrane.
There are a number of ways in which tissue

antigens of the host might become antigenic and
elicit a homograft rejection. Some interesting
possibilities are as follows:
At the present time the prevailing view of the

pathogenesis of rheumatic fever is that one of
the antigens of the streptococcal cell wall is
similar to a sarcolemma antigen on fibres of
cardiac and arterial smooth muscle. The patient's
reaction to this streptococcal antigen causes an
immunological attack on his own sarcolemma
antigen, resulting in myocarditis and arteritis.
Other such examples of a cross-antigenicity be-
tween infecting micro-organisms and host tissues
may be discovered in the future.
A second way in which host tissue could

initiate an immune reaction is by undergoing
antigenic alteration from the action of some
environmental influence, whether physical,
chemical or microbiological; this situation would
be analogous to contact dermatitis elicited by
the application of simple chemical substances
or haptens. This concept has been developed by
Lawrence'6 as the "self ± X" hypothesis for the
explanation of delayed hypersensitivity and
these altered antigens are assumed to be sus-
ceptible to attack by the host's own lympho-
cytes. In considering tissues inside rather than
on the surface of the host, one would expect
that the synovium would be more liable to
alteration by microbiological agents than by

chemicals, and therefore the former might con-
stitute the basic etiological factor in this type
of response.
A third possibility is that an infecting virus

may, during its multiplication, incorporate host
antigens into its structure. For example, in the
multiplication cycle of myxoviruses condensa-
tions of viral RNA appear beneath the host cell
membrane. The viral RNA then forms a pro-
tuberance and finally a new virus particle is
budded off. There is a strong probability that
some host cell membrane is incorporated into
the protein envelope which surrounds the viral
RNA. If such proves to be the case, it would
not be difficult to imagine the development of
immunological reactions involving both the in-
fecting virus and cell membrane antigen of the
host's tissue.
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